A Zeeman stabilized laser 1 ' 2 uses a magnetic field to induce Zeeman splitting of the atomic energy levels of the gain medium. The laser output is split into two modes whose frequency separation depends partially on their position in the gain profile. A minimum in their beat frequency occurs at the atomic line center. The laser cavity length can be servoed to minimize the intermode beat frequency and thus lock the laser to a well-defined frequency reference.
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Two Zeeman lasers were constructed along these lines for use in an absolute gravity meter 3 and to monitor the wave lengths of other stabilized lasers used in monitoring crustal deformation. 4 The field environment requires a portable, stable, and rugged laser system. The Zeeman laser output was heterodyned with an iodine stabilized laser to determine its absolute frequency and its dependence on its thermal environment. Measurements were made of the temperature of the laser plasma tube sur face and the ambient temperature. A relationship between the Zeeman laser frequency, tube surface temperature T z , and ambient temperature T a was determined. The data can be fit by an empirical formula with the form where Zeeman S/N 1 has accumulated <1500 h of operating time in five years (~8 h of operation every two weeks). Frequency comparisons of the laser with an iodine stabilized laser were made at approximately three-month intervals. Frequency measurements of Zeeman S/N 2 were made much less often, for a total of only five measurements over three years. Fig  ure 1 plots the inherent frequencies f 0 and f' 0 for the two lasers, with the temperature dependent frequency shift terms of Eqs. (1) and (2) subtracted from the observed laser frequencies. Table I lists the observed frequencies, the tem perature conditions of the measurement, and the tempera ture corrected frequencies.
The 4-MHz error bars in the first eighteen months of data are due to the uncertainty in the frequency corrections and the use of a spectrum analyzer's graphic display in determin ing the frequency difference. The 2-MHz error bars in the later measurements reflect the use of a more accurate averag ing frequency counter whenever possible as well as the tem perature correction uncertainty. Also, the first thirteen measurements of S/N 1, which predate 1984.8 (denoted by open circles in Fig. 1 ), were taken before the frequency dependence on temperature was recognized. We have ap plied a crude estimate of 26°C for the ambient temperature T a and 50°C for the tube temperature T z . Subsequent mea surements were made in a different laboratory which main tained a cooler ambient temperature. Because the frequen cy controlling servo relies on thermal expansion of the laser where the parameters a, f 0 , and β are unique to our laser Zeeman S/N 1 and have the values of Equation (1) predicts the laser frequency with an accuracy of ~2 MHz for the temperature ranges of 19°C <T a < 30°C and 30°C <T Z < 55°C.
A second Zeeman laser (S/N 2) was built and its absolute frequency was measured as a function of tube temperature at a single ambient temperature around 20°C. At this ambient temperature, the frequency varies in a linear fashion with tube temperature and can be fit as During the first eighteen months of operation, from 1983.2 to 1984.8, the frequency drift was much greater, at a rate of 5.7 ± 2.2 MHz/yr. The initial eighteen-month period accounts for <500 h of laser operation.
Zeeman S/N 2 showed an effective drift rate over the last 2.5 yr of -0.8 ± 1.0 MHz/yr. The frequency drift computed for the last 3.3 yr is -0.2 ± 0.6 MHz/yr. The data set for S/N 2 is not sufficiently dense to detect a change in the drift rate over this period.
The temperature corrected data show an insignificant variance reduction when compared with the uncorrected data (<2%). This is expected, since most of the measure ments were made in the same conditions. The temperature effects account for less than a 4-MHz correction in any case, of the same order as the error bars, and numerical tests show the corrections do not strongly bias the estimates for fre quency drift.
The drift rate for S/N 1 corresponds to a frequency stabil ity of better than 1 part in 10 9 per year in the period ranging from twenty months to five years after construction.
